Summary. The 
Introduction
In-vitro maturation of preovulatory mouse oocytes and development of preimplantation mouse embryos from the one-cell stage up to the blastocyst can take place in a basic salt solution with pyruvate as the only energy source (Brinster, 1965a) . Furthermore, in-vitro maturation of preovulatory oocytes with glucose as the energy substrate instead of pyruvate will not occur in the absence of follicular cells. These cells produce pyruvate from glucose and supply it to the oocytes (Donahue & Stern, 1968) . These findings indicate that carbohydrate metabolism in mammalian oocytes and in preimplantation embryos is unique in comparison with that in more differentiated cells. Understanding of the energy metabolism of these cells is most important, especially in view of the technique of in-vitro fertilization and implantation in man.
Since Brinster (1965b) published a study of lactate dehydrogenase activity in the preimplantation mouse embryo, biochemical studies of enzyme activities in homogenates of mouse oocytes and preimplantation embryos have resulted in quantitative information of the activity of about 15 different enzymes (Epstein, 1975) . However, the use of homogenates has several disadvantages, e.g. disruption of the cells which averages the data per cell and gives no information about the localization of enzyme activity. Therefore, determination of enzyme activities with cytochemical staining methods at the single cell level may solve these problems in metabolic studies of individual oocytes. On the other hand, practical difficulties are also to be expected with enzyme cytochemical methods when cells are stained in smears or in suspension, and these include loss of cells, disruption of cell membranes or entire destruction of low enzyme activities by fixation. Also, leakage of enzyme molecules and/or (coloured) reaction products out of the cells may occur, preventing discrimination between activities of individual cells in a population (Stuart, Gordon & Van Noorden, Tas, Vogels & De Schepper (1982) (Mangia & Epstein, 1975 (Van Noorden et ai, 1982 , 1983 (1984) . In between, the oocytes were preincubated in a buffered solution of 20 mM-NADP+ or NAD+ (5 min, 4°C) to protect the activity of some dehydrogenases against the detrimental effect of polymerization Table 1 . Control experiments were carried out in the absence of substrate. The activity of glucose phosphate isomerase was also determined by using 0-2, 0-4 and 0-5 mM-fructose 6-phosphate in the presence of 0, 1, 2, 4, 5, 8 or 10 mM-6-phosphogluconate, a competitive inhibitor of glucose phosphate isomerase activity (Rose & Rose, 1969) . After incubation, the films were rinsed overnight at 4°C in phosphate buffer (pH 5-3) to remove unreduced TNBT. They were stored at 4°C until cytophotometric analysis in the same buffer to which a crystal of thymol was added.
Some oocytes in polyacrylamide films were cut into two parts with a razor blade before being stained and they were incubated for G6PDH activity after the washing procedures. One part of the gels was incubated in the presence of substrate and the other part in the absence of substrate.
In some experiments, oocytes fixed in 0-1% glutaraldehyde were collected in a watchglass, frozen in liquid nitrogen and thawed at room temperature. The frozen-thawed oocytes were incubated for the demonstration of G6PDH activity in the presence and absence of glucose 6-phosphate as substrate (15 min precision mechanical stage. The readings were taken with a Leitz planachromatic objective 6-3 ( . A. 0-20) using an interference filter of 534 nm (Barr and Stroud, Glasgow, U.K.) as described by Van Noorden et al. (1983) . The mean value of the integrated absorbance of oocytes incubated in the absence of substrate was subtracted from that of oocytes incubated in the presence of substrate.
Biochemical enzyme assays
All enzyme activities were basically determined according to Yasumasu, Fujiwara, Shoger & Asami (1975) , with the exception of G3PDH and 6PGDH activities, which were measured as described by Beutler (1971) (190) 216 (181) 55 (21) 18 (25) 96 (13) For abbreviations see Table 1 . G6PDH activity was also demonstrated cytochemically in oocytes which had not been incorporated in a polyacrylamide matrix. The formazan production in the presence of glucose 6-phosphate appeared to be rather low in cells fixed in a solution of 01% glutaraldehyde and not having been subject to freezing. When the cells were fixed and frozen-thawed once, most of the cells showed a high content of formazan after cytochemical incubation for G6PDH activity, but a considerable number of cells did not stain at all. When these unstained cells were collected and incorporated in a polyacrylamide gel and stained, formazan production occurred after incubation in the presence of glucose 6-phosphate, whereas the amount did not differ significantly from that incorporated immediately after isolation without freeze-thawing. Text- figure 1 shows the relationship between the concentration of 6-phosphogluconate and the reciprocal reaction velocity of GPI activity as determined cytochemically in incorporated mouse oocytes with different concentrations of substrate. This Dixon plot demonstrates that 6-phosphogluconate behaves as a competitive inhibitor of GPI activity in this cytochemical assay. The Kx of this inhibition effect was 4-6 mM. The Km of the cytochemical assay of GPI activity appeared to be 0-25 mM. incorporation of oocytes in a polyacrylamide gel matrix has proved to be useful for the study of enzyme activities in isolated oocytes. The results reported in this study confirm previous findings (Van Noorden et ai, 1982 , 1983 De Schepper et ai, 1982 , 1984 Van Noorden & Tas, 1982b ) that, when a polyacrylamide matrix is used for enzyme cytochemical methods, no leakage of enzyme molecules, reduced intermediates, or formazan seems to occur, as formazan has never been found in the incubation medium or precipitated in the polyacrylamide matrix outside the cells (PI. 1, Figs  1 & 2) . The 'nothing dehydrogenase' activity can also be kept very low with this method when incubation is made in the absence of substrate and the morphology of incorporated cells is well preserved after staining for enzyme activity. Van Noorden & Tas (1980) have described some loss of G6PDH activity during the polymerization procedure, which can be minimized by protecting the enzymic active site with NADP+ (Van Noorden et ai, 1982) . From this study it may be concluded that, after the polymerization has been completed, no further loss of activity is found, at least for G6PDH and for upto 24 h of storage at 4°C.
The experiment in which different parts of incorporated oocytes were stained for G6PDH activity under different conditions (PI. 1, Fig. 3 (1983) have demonstrated that data obtained cytophotometrically for G6PDH activity in different types of cells could be converted into absolute units of G6PDH activity, which showed a high correlation with data obtained biochemically from the same cells. In the present study, the relationship between data obtained cytochemically and biochemically for 6 different enzymes showed a good correlation (Text-fig. 2 ). The validity of the quantitative cytochemical method for GPI activity as described in this paper, is demonstrated in Text-fig. 1 . The Dixon plot has been calculated from the readings in arbitrary units of integrated absorbance at 534 nm and it shows that 6-phosphogluconate is a competitive inhibitor. This is in agreement with biochemical data in homogenates (Rose & Rose, 1969) . The Km for fructose 6-phosphate, 0-25 mM, is an order of magnitude similar to that obtained in biochemical studies of rabbit muscle for which a Km = 0-31 mM was calculated (Dyson & Noltmann, 1968) . However, the calculated K, (4-6 mM) was higher than the 0-16 mM reported for 6-phosphogluconate (Dyson & Noltmann, 1968 ). An explanation for this discrepancy could not be found.
The activity of G6PDH, LDH and, to a lesser extent, GPI appeared to be extremely high in preovulatory oocytes (Table 2) . LDH activity, as determined biochemically in the presence of lactate as substrate, is about 10% of the activity in the presence of pyruvate as substrate at the pH of the incubation medium used in this study (pH = 7-4). However, this lower value does correlate very well with the activity determined cytochemically. The reason for the high activity of G6PDH in oocytes is uncertain. G6PDH, the key enzyme of the pentose phosphate pathway, produces NADPH which is critical for synthetic processes, particularly fat synthesis. A second function of G6PDH is probably the formation of ribose and deoxyribose for the synthesis of RNA and DNA (Brinster, 1965a) . However, the activity of 6PGDH, the next dehydrogenase in the pentose phosphate pathway, is only 2% ofthat of G6PDH activity. This is in agreement with the findings of Brinster (1966) . Whether this low enzyme activity is able to synthesize sufficient ribose from glucose 6-phosphate for the synthesis of RNA in growing oocytes is unknown. It would be of great interest to know whether 6PGDH activity is as low in growing oocytes as it is in preovulatory oocytes, or whether the activity is higher at that stage, declining during maturation. In-vitro experiments attempting to explain the high activity of G6PDH in preovulatory oocytes are now in progress.
Van Noorden (1984) gave evidence of the validity of the method for quantification of G6PDH activity as demonstrated cytochemically. The validity has been confirmed in this study, not only for G6PDH activity, but also for the activity of other enzymes involved in carbohydrate metabolism. Therefore, the use of the methods as described in this paper widen the possibilities of studying metabolism in single oocytes, especially with respect to species in which only one or a few eggs are ovulated in one cycle.
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